Abstract. Lime is widely used as chemical stabilizer in soft soil stabilization. However, lime is reported to be less effective when dealing with organic soil. It is believed that the organic matter in the soil will retard the pozzolanic reaction which is responsible for strength enhancement. The heterogeneity nature of the organic matter in the soil makes the study complicated and reduced the repeatability of the test results. Hence, artificial organic soil with known organic matter and content are preferred by researchers when repeatability of the test results are required in determining the influential effect of each contribution factor. Various factors such as additive contents, effect of aging (curing periods), curing temperature, density of materials and moisture content are reported by previous researchers as the potential contributing factors towards the strength development. It is believed that the interaction of the factors also will contribute to the strength enhancement. Hence, this study is carried out to evaluate the contributing factors and its interactions on strength development of artificial organic soils with known type and contents of organic matter. Statistical design of experiment (DOE) approach was utilized to evaluate the factors and its interaction on the strength development of lime stabilized artificial organic soils by using commercial statistics package. Three main factors were investigated: effect of organic content, effect of curing periods, and effect of additive, while other factors namely curing temperature, molding water content, types of compaction and compactive effort were keep constant through controlled experiments. Processed kaolin (inorganic material) is mixed with humic acid (organic matter) to simulate the organic soil which comprised of inorganic soil and organic matter. The density of the soil specimen and its moisture content were recorded before and after the curing process. General Linear Model (GLM) was utilized to determine the significance of the main factors, two-factor interactions, and three factor interactions. The significance factors and interactions were utilized in multiple regression analysis to develop the strength prediction model which can be utilized to predict the strength of stabilized materials within the inference space defined by the experiment.
Introduction
Calcium based stabilizer -lime was reported to be firstly used as stabilizing agent in 1924 when hydrated lime was used to strengthen a short stretches of highway [1] . Reaction of lime with soil can be broadly divided into four main stages, which are hydration, flocculation, cementation and carbonation. It is believed that the cementation process, which is resulting of pozzolanic reaction is the main contributor for the strength enhancement of lime stabilized soil. An aqueous environment of pH 12.4 at 25°c is required to allow for pozzolanic reaction and thus the minimum amount of lime required to achieve that pH value is determined as initial consumption of lime. Besides it, it is also necessary to determine the optimum content of lime required in lime stabilized soil because too much of lime added will causing the strength to decrease unlike cement stabilization in which the strength will almost linearly increase with the cement content. [2] . Apart of the suitable environment, it is also reported that the pozzolanic reaction is an aging process in which a duration of curing periods are required for strength development. It is recommended that curing periods of 7, 28, 56 and 112 days are appropriate for lime stabilized materials. However, a single fixed period of curing also commonly used depending on the process of stabilization, in which a curing periods of 28 days is common for lime-stabilized materials [2] . Despite of it, some of the researcher proposed that the time of curing could be recommended as early as one day. Based on their findings, dry volumetric weight of the lime stabilized expansive soil decreased with the increasing of curing time and simultaneously the materials are found to be harder because of the "bark" formation [3] .
Besides the effect of additive content and curing periods, curing temperature is also found to be responsive in soil lime reactions [4, 5] . It is reported that progress of lime-soil reactions are faster under higher curing temperature, which suggested that ambient temperature affects the pozzolanic activity [4] . When three different curing temperature of 20°c, 35°c and 50°c are compared, it is notably found that significant gain in the soil strength and modulus were only observed in curing temperature of 50°c. The findings implied that the high temperature is favour for the soil-lime reactions. [5] . Despite the factors that may encourage the soil-lime reactions, some contents of the soil are found to have detrimental effects on the reactions. Organic matter [6, 7] and sulphate [8, 9] contents are commonly found to have deleterious effect on soil-lime reactions.
Various factors had been considered by researchers with the aim to study its effects on soil-lime reactions. However, there are very few literature on the interaction of various factors that may influence the strength enhancement of soil stabilized by lime. Hence, this study is aimed to assess quantitatively the contribution of varius factors as well as its interaction on the soil stabilized with lime.
Materials & Experimental Programme
Artificial organic soil with known organic matter and inorganic matter was prepared in laboratory to simulate the organic soil. Commercial kaolin which is marketed by Kaolin (M) Sdn. Bhd. as model S300 was chosen as inorganic matter. Kaolin S300 was reported to be rich in silica content [10] and dominant silt sized with some traces of sand and clay particles [11] . In terms of organic matter, humic acid was chosen as the organic matter. It is reported that humic acid is one of the types of humified matter which is soluble in dilute alkali, but precipitates in acid solution [7] . Two types of artificial organic soil with different ratio of kaolin and humic acid were mixed manually in laboratory. Hence, two levels of investigation was taken to study the effect of type of soil with different organic contents. It is believed that the physical-chemical characteristics of soil were affect its quality and strength of stabilized materials [12] .
Six levels of investigation were taken for effect of additive content. Percentage of lime added were range from 4% to 18% for each type of artificial organic soil. Based on the previous studies, the strength increment of lime stabilized materials is parabolic in which the optimum content of lime are varies for different types of soil.
Pozzolanic reaction which is responsible for strength enhancement in cement and/or lime stabilized soil is actually a time-consuming process. A logarithmic relationship between the compressive strength and curing periods was found for silty and clayey cement-treated mixtures [13] . Two levels of investigation were specified in this study in which the stabilized materials were subjected to curing period of 7 and 28 days.
Three replicates were specified for this study and the factors and levels selected for this investigation are summarized in Table 1 , whereas the number of samples are listed in Table 2 . Some other factors such as the effect of curing temperature, type of curing, compactive effort, type of compaction and remolding water content, which may affect the strength of the stabilized materials Advanced Materials Research Vol. 905 363
were not considered in this study because the inclusion of this factors would have required a big number of specimens which would have been impractical. Hence, those effects were made constant throughout the study. Evaluation on the effects of main effects and all the interaction effects are based on the strength properties of stabilized materials. The specimens were tested for its compressive strength using the unconfined compressive strength testing apparatus with axial increment of 1% per minute. The test specimens are 50 mm in diameter and 100 mm in height which are remolded using axial compression in accordance to BS EN 13286-53: 2004. The main factors and interaction of the factors considered in the investigation are summarized in Table 3 . The analysis of variance (ANOVA) is carried out using commercial statistics software Minitab Ver. 16 which is able to analyze three independent variables with the aim to determine the significance and order of significance of all the main factors and interactions. Secondly, regression analysis was conducted to obtain a predictive equation for unconfined compressive strength of lime stabilized soils by including all the significant factors and interactions. Besides it, the moisture content (%) and density (kg/m 3 ) of the specimen after curing were also recorded with the objective to determine the potential effects of moisture content (%) and density (kg/m 3 ) on the strength enhancement. Analysis of variance for the quantitative factors, density and moisture content were carried out using commercial statistics software Statgraphics Centurion XV.
RESULTS & DISCUSSION
The results of the analysis of variance (ANOVA) for main factors and its interactions are shown in Appendix A. The P-value of each factor and interaction is found to be less than 0.05 which indicated that the term is statistically significant at the 95.0% confidence level. Hence, it can be deduce that the strength of stabilized materials is governed by the main factors as well as its interactions.
Advances in Applied Materials and Electronics Engineering III
Main effect plots for the predictive factors, namely lime content (%), curing periods (day) and type of soil (percentage of kaolin) are plotted in Fig. 1 . It is clearly shown that the effect of lime (%) on strength enhancement is almost bell-shaped with the optimum lime content of 12%. Whereas, the increment of strength over the curing periods is found to be linear with two-level of investigation. However, the strength enhancement is found to be decreasing with the increment of kaolin (%).
The interaction plots for two-factor and three factor are illustrated in Fig. 2 . It explained the case that relatively higher strength are found on soil with higher kaolin (%) at low lime content whereas the strength of lower kaolin (%) soil are found to be higher at higher percentage of lime. Higher content of kaolin in percentage is explained as the soil with lower organic content with its lower percentage of humic acid. The findings agreed well with the other researcher who worked on soil with humic acid content up to 3% that the increment of humic acid had found to have deleterious effect on strength of soil [14] .
The normal probability plot of residuals as shown in Fig. 3 almost form a straight line indicated that the residuals are normally distributed. Furthermore, the residuals versus fits as shown in Figure 4 showed a random pattern of residuals on both sides of 0 which explained that predictor variables are unrelated to the residuals and thus can be concluded that the model assumptions are satisfied.
Besides it, the analysis of variance (ANOVA) for moisture content (%) and density (kg/m 3 ) as shown in Appendix B suggested that these two predictive factors are statistically insignificant at the 95.0% confidence level because of the P-value of each factor is higher than 0.05. However, based on the first ANOVA table when summarizing a general linear statistical model relating Strength to 2 predictive factors, the P value is less than 0.05 suggested that there is a statistically significant relationship between Strength and the predictor variables at the 95.0% confidence level.
Multiple regression analysis was also carried out to determine the equation for predicting strength with the significant factors and interaction factors 
Since the P-value in the ANOVA table is less than 0.05, hence it can be deduce that there is a statistically significant relationship between the strength with the seven (7) factors at the 95.0% confidence level.
CONCLUSIONS
This paper is concentrated on the investigation of the effects of seven factors (main factors and the interaction factors) on the strength enhancement through statistical model rather than the causes of the effects of predictive factors. Besides it, the predictive equation is only applicable within the factor space studied, which is the function of all factors and levels involved. Hence, the findings of this study is limited to the range of variables studied in this experiment. However, this study serves as a good input for the designer when dealing with stabilization of organic soil with lime. The complexity of the main factors and its interactions should be taken into account when design for the direct application to the field. 
